SARC is a novel reactor concept for cost effective adsorption-based post-combustion CO 2 capture. It consists of a cluster of standalone reactors, where the sorbent material in the reactor is alternately exposed to carbonation and regeneration conditions via periodic switching of the gas feed streams. This concept allows for combination of vacuum swing through a vacuum pump and temperature swing through a heat pump which transports heat from the exothermic carbonation stage to the endothermic regeneration stage. Application of a vacuum swing minimizes the required temperature difference between the carbonation and regeneration stages, which maximizes the heat pump coefficient of performance, thereby leading to considerable reduction in the energy penalty of the process.
The heat pump integration in the process requires insertion of heat transfer tubes in each reactor. Due to its excellent mixing properties and high gas throughputs, a fluidized bed reactor is best suited rather than packed bed reactors for efficient heat transfer between the working fluid in the tubes and the bed and for compact reactors. However, the drawback of this good mixing characteristic of the fluidized bed is increasing amounts of CO 2 slippage during carbonation as the material becomes more carbonated and the equilibrium CO 2 partial pressure increases. To alleviate this drawback while maintaining a high tube-to-bed heat transfer coefficient, a multistage dense fluidized bed reactor is proposed for the SARC concept (Figure 1 ). This arrangement brings a degree of plug flow behaviour to the reactor, thus significantly reducing undesired CO 2 slippage. This paper presents the results of a thermodynamic assessment of the SARC concept integrated in a coal power plant. The SARC reactor behaviour integrating the pressure and temperature swings was simulated using a multistage CSTR equilibrium model. Power plant calculations were completed using an in-house code.
Two working fluids have been considered for the heat pump, that is thermally integrated with the steam cycle to exchange excess or lacking heat (both conditions may occur depending on the SARC operating conditions) with the condenser or the evaporator of the heat pump. The first working fluid is water/steam, fully integrated with the steam cycle. In this case, water is extracted from the low temperature preheating line, evaporated at low pressure in the reactors during the CO 2 absorption phase, compressed, condensed at high pressure during the regeneration phase and mixed back at higher temperature in the steam cycle feed water preheating line. The second fluid considered is ammonia, which is a low cost and environmentally friendly fluid widely used in large industrial refrigeration cycles. In this case, evaporation, compression, condensation and throttling are performed in a closed cycle, exchanging heat with the steam cycle water feed as previously explained. Typical results of the SARC reactor behaviour using an immobilized amine sorbent developed originally for pure temperature swing adsorption process have shown that a CO 2 capture efficiency of 90% and a CO 2 purity of 95% could be achieved in a single VTSA stage combining a temperature swing of 18 ᵒC and a pressure swing between 1 bar in the carbonation and 0.1 bar in the regeneration (Figure 2 ). An evacuation step was applied before the regeneration step where the gases were vented to the atmosphere for improving the CO 2 purity and a cooling step was applied after the regeneration step where the pressurization takes place. Preliminary power plant calculations have shown that the overall energy penalty (including CO 2 compression) has been reduced to 9.26% compared to 10.7% found in a state of the art amine-solvent based process. The specific primary energy consumption for CO 2 avoided (SPECCA) was 3.07 MJ LHV /kg CO2 . Further reductions in energy penalty should be possible with further process optimization and development of sorbent materials especially suited to the SARC process. 
